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19.  ABSTRACT  (Cont'd) 

were  cleared  in  two  monkeys  each  treated  with  WR  255694,  verapamil, 

(20.0  mg/kg  x  3  days)  plus  chloroquine  (20.0  mg/kg  x  3  days).  The 
infection  was  cured  in  one  Aotus .  In  a  total  of  28  repeat  treatments 
six  infections  were  cured.  Nifedipine,  WR  255695,  cured  four  infections 
as  follows:  two  each  with  40.0  mg /kg  (x  3  days)  plus  chloroquine 
(20.0  mg/kg  x  3  days),  and  one  with  10.0  mg/kg  (x  3'days)  plus  chloro¬ 
quine  (40.0,  20.0,  20.0  mg/kg) .  WR  256287  cured  two  infections,  one 
with  5.0  mg /kg  (x  3  days)  and  one  with  50.0  mg /kg  (x  3  days);  chloroquine 
was  co-administered  at  20.0  mg/kg  (x  3  days). 

The  duration  of  the  primary  patent  period  and  the  time  for  parasite 
clearance  in  the  animals  cured  of  infection  were  equal  to  these  parameters 
in  untreated  Aotus  exhibiting  self-cure.  Consequently,  it  is  difficult 
to  assign  cure  to  either  drug  action  or  acquired  immunity,  and  probably 
resulted  from  a  combination  of  both. 
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SUMMARY 

The  objective  of  the  contract  program  is  to  evaluate  experi¬ 
mental  antimalarial  drugs  against  Plasmodium  falciparum  infections 
experimentally  induced  in  the  Panamanian  owl  monkey  (Aotus) .  For 
the  studies  in  this  report,  the  Vietnam  Smith  strain  was  used. 

Four  folic  acid  inhibitors  were  tested  against  infections  of 
the  pyrimethamine-resistant  Smith  strain.  As  anticipated,  there 
was  cross-resistance  to  pyrimethamine  (WR  002978)^  proguanil  (WR  00 
3019) ,  and  cycloguanil  (WR  00547  3)  .  These  drugs  had  no  effect  upon 
parasitemias.  In  contrast,  a  proguanil  analog  (WR  250417)  ,  showed 
significant  antimalarial  activity.  A  3-day  dosage  of  1.0  mg  per 
kg  cured  three  infections  of  a  total  of  seven  treatments,  10.0  mg 
per  kg  cured  six  infections  out  of  a  total  8  treatments,  and  50.0 
mg  per  kg  cured  four  infections  of  a  total  of  four  treatments.  The 
antimalarial  activity  of  this  analog  against  infections  of  pyrime¬ 
thamine-resistant  strains  of  P.  falciparum  is  significant  in  compa¬ 
rison  with  other  folic  acid  inhibitors. 

The  majority  of  experiments  were  concerned  with  in  vivo  attempts 
to  reverse  chloroquine-resistance  by  the  concomitant  administration 
of  a  calcium  channel  blocker  plus  chloroquine.  These  trials  were 
predicated  upon  the  successful  in  vitro  results  of  chloroquine-resis¬ 
tance  reversal.  It  is  suggestedT  to  explain  this  phenomenon,  that 
the  channel  blocker  prevents  the  active  efflux  of  chloroquine  by 
the  parasite  from  the  erythrocyte  allowing  chloroquine  to  achieve 
a  parasitocidal  level. 

Six  calcium  channel  blockers,  or  similar  acting  drugs,  were 
tested  with  chloroquine  for  their  capacity  to  reverse  chloroquine- 
resistance  in  infections  with  the  Vietnam  Smith  or  Smith/RE  strain 
of  P.  falciparum.  The  desideratum  of  a  trial  would  be  to  administer 
the  two  drugs  in  the  ascending  phase  of  the  primary  attack,  resulting 
in  parasite  clearance  and  infection  cure,  as  indicated  by  the  absence 
of  recrudescence.  Verapamil  (25.0  mg  per  kg  x  3  days)  plus  chloro¬ 
quine  (20.0  mg  per  kg  x  3  days)  cleared  the  parasitemia  during  the 
primary  attach  in  each  of  two  Aotus .  The  infection  in  one  monkey  was 
cured;  the  second  animal  died  of  an  intercurrent  infection  on  day 
29  post  treatment.  Primary  treatment  with  other  calcium  channel 
blockers  plus  chloroquine  was  either  not  effective  or  suppressed  the 
parasitemia. 

In  a  total  28  repeat  treatments,  x  infections  were  cured,  four 
with  nifedipine  (WR  255695)  plus  chloroquine,  and  two  with  WR  256287 
plus  chloroquine.  The  duration  of  the  primary  patent  period  in  the 
monkeys  cured  of  their  infection  was  equal  to  that  in  untreated 
monkeys  that  exhibit  self-cure  after  the  primary  attack.  It  is, 
therefore,  difficult  to  separate  drug  activity  from  acquired  immunity 
as  effecting  cure. 

The  failure  to  achieve  the  desired  goal  of  reversing  chloroquine 
resistance  iri  vivo  as  indicated  by  a  shortening  of  the  duration  of  the 
primary  patent  period,  parasite  clearance  and  infection  cure  may 


be,  in  part,  attributable  to: 


_  2  - 


1.  Inability  to  maintain  high  drug  levels  compatible  with 
host  viability,  and/or 

2".  Drug  metabolism  in  the  host  yielding  inactive  components. 
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FOREWORD 

In  conducting  the  research  described  in  this  report,  the 
investigator  adhered  to  the  "Guide  for  the  Care  and  Use  of  Labora¬ 
tory  Animals",  prepared  by  the  Committee  on  Laboratory  Animal 
Resources  Commission  of  Life  Sciences,  National  Research  Council 
(NIH  Publication  No.  86-23,  Revised  1985) 
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EXPERIMENTAL  PROCEDURES 


The  monkey-adapted  Plasmodium  falciparum  strain,  Vietnam 
Smith  (resistant  to  maximally  tolerated  doses  of  chloroquine, 
pyrimethamine,  and  quinine),  and  Vietnam  Smith/RE  line  were 
used  to  induce  experimental  malaria  infections  in  Aotus 
trivirgatus  for  the  evaluation  of  the  antimalarial  efficacy  of 
candidate  drugs.  Infected  blood,  with  sodium  citrate  (2.5%) as 
the  anticoagulant,  from  untreated  Aotus  was  diluted  appropria¬ 
tely  with  chilled  saline  (0.85%),  such  that  each  milliliter 
contained  5,000,000  parasites,  and  this  amount  was  injected 
into  the  saphenous  vein  of  experimental  and  control  monkeys. 

Blood  films,  prepared  and  examined  daily  beginning  on  the 
first  post-inoculation  day,  were  stained  with  Giemsa.  Parasitemias 
were  evaluated  as  follows:  negative,  if  no  parasites  were  detec¬ 
ted  on  a  thick  blood  film  after  examination  for  at  least  5  minu¬ 
tes;  <  10  parasites  per  cram,  if  positive  only  on  the  thick 
blood  film;  parasite  enumeration  was  by  the  Earle-Perez  method 
and  reported  as  the  number  of  parasites  per  cmm. 

Blood  films  from  untreated  Aotus ,  serving  as  passage  and/or 
control  subjects,  were  prepared  and  examined  daily  during  the 
primary  patent  period,  and  daily  thereafter  for  at  least  three 
consecutive  days  after  parasites  could  last  be  detected  on  thick 
blood  films.  When  parasitemia  had  cleared,  films  were  made  and 
examined  twice  weekly  until  a  total  of  100  negative  days  had 
been  recorded.  If  a  recrudescence  occurred,  blood  films  were 
obtained  again  on  a  daily  basis. 

The  schema  depicted  in  Figure  1  represents  the  design  of  a 
typical  drug  evaluation  study.  Parasitemias  were  evaluated  daily 
during  the  treatment  period  and  until  blood  films  were  negative 
for  at  least  seven  consecutive  days.  The  frequency  of  smearing 
was  then  reduced  to  two  times  per  week  (Monday  and  Thursdays  or 
Tuesdays  and  Fridays) .  If  no  recrudescences  occurred  during  a 
100  day  examination  period,  the  infection  was  considered  to  have 
been  cured. 

Drug  doses  were  calculated  as  mg  base  per  kg  of  body  weight. 
Stock  solution  of  water  soluble  compounds,  at  appropriate  concen¬ 
trations,  were  prepared  with  distilled  water  and  stored  at  8°C 
for  the  treatment  period.  If  a  compound  was  water  insoluble,  a 
suspension  of  the  requisite  amount  of  drug  was  prepared  daily 
with  0.3%  methylcellulose  (in  distilled  water). 

Oral  administration  of  drugs  was  effected  by  gastric  intubation 
with  a  14  French  catheter.  The  total  amount  of  fluid  administered, 
drug  solution  or  suspension,  and  rinse  was  14  ml. 
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FIGURE  1 


SCHEMA  FOR  D!  UG  EVALUATION  AGAINST 
PLASMODIUM  FALCIPARUM 
INDUCED  INFECTIONS  IN  AOTUS  TRIVIRGATUS 
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ASSESSMENT  OF  THE  ANTIMALARIAL  ACTIVITY  OF  FOUR  FOLIC  ACID  INHIBITORS 
AGAINST  INFECTIONS  OF  THE  VIETNAM  SMITH  STRAIN  OF  PLASMODIUM  FALCIPARUM 

The  emergence  of  resistance  to  the  dihydrofolate  reductase  inhibitors, 
in  both  P.  falciparum  and  P.  vivax,  has  been  of  considerable  import 
to  the  treatment  and  control  of  such  infections  during  the  past  40 
years.  The  cross  resistance  among  this  class  of  drugs  offers  a 
challenge  to  develop  a  new  and  effective  agent.  Data  presented  in 
this  section  are  concerned  with  the  evaluation  of  three  standard  folic 
acid  inhibitors,  and  a  newly  developed  analog  of  proguanil,  against 
infections  of  the  pyrimethamine  resistant  Vietnam  Smith  strain  of  P. 
falciparum. 

A.  WR  005473AM  (BN :BK  40388) 

The  data  in  Tables  1,  2,  and  3  indicate  that,  at  the  doses 
used,  cycloguanil  was  essentially  inactive  against  Vietnam 
Smith  infections.  Suppression  of  parasitemia,  however,  did 
occur  in  four  monkeys,  one  treated  with  1.0  mg  base  per  kg 
(x  3),  one  that  received  10.0  mg  base  per  kg  (x  3),  and  in 
each  of  two  that  received  50.0  mg  base  per  kg  (x  3) .  The 
infections  were  re-treated  with  WR  250417AA,  as  discussed  in 
Part  D. 

B.  WR  003019AM  (BN : BL  18309) 

Proguanil,  administered  at  doses  of  1.0,  10.0,  and  50.0  mg 
base  per  kg  (x  3) ,  had  no  effect  upon  parasitemias  (Tables 
4,5,  and  6).  The  infections  were  re-treated  with  WR  250417AA, 
as  shown  in  Part  D. 

C.  WR  00 2 978 AK  (BN :BK  39401) 

In  the  one  monkey,  12242,  used  as  a  pyrimethamine-treated 
control  in  these  studies,  a  dose  of  2.5  mg  base  per  kg  (x  3), 
had  no  effect  upon  parasitemia.  Retreatment  was  initiated 
with  the  same  dose,  but  the  monkey  died  of  malaria  on  the 
third  day  of  treatment. 

D.  WR  250417AA  (BN.-BK  47734) 

As  shown  in  Tables  7,8,  and  9,  this  proguanil  analog  was 
evaluated  against  primary  parasitemias  as  well  as  treatment 
failures  with  cycloguanil  and  proguanil.  A  dose  of  0.1  mg 
base  per  kg  (x  3)  was  not  effective  against  parasitemias  Para¬ 
site  clearance  was  uniformly  effective  if  the  three  day  treat¬ 
ment  was  completed. 

A  dose  of  1.0  mg  base  per  kg  (x  3)  cured  3  of  7  (43%)  of  the 
infections,  10.0  mg  base  per  kg  (x  3)  cured  6  of  8  (75%)  of 
the  infections,  and  a  dose  of  50.0  mg  base  per  kg  (x  3)  cured 
4  of  4  (100%)  of  the  infections. 


There  was  no  apparent  toxicity  of  the  proguanil  analog  at  any 
of  the  doses  administered. 
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CONCLUSION 


As  to  be  expected,  there  was  cross  resitance  of  this  pyrime¬ 
thamine  resitant  strain  to  cycloguanil  and  proguanil.  The  proguanil 
analog,  however,  was  highly  effective  in  clearing  parasitemias  and 
curing  infections,  either  primary  or  retreatment.  These  results 
offer  the  potential  of  eventually  using  this  analog  against  human 
infections  resistant  to  dihydrofolate  reductase  inhibitors. 
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DETAILED  ACTIVITY  OF  WR  005473AM  (BK  40388),  CYCLOGUANIL,  AGAINST  INFECTIONS 
OF  THE  VIETNAM  SMITH  STRAIN  OF  PLASMODIUM  FALCIPARUM 
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TABLE  3 

ACTIVITY  OF  WR  005473AM  (BK  40388),  CYCLOGUANIL,  AGAINST 
PLASMODIUM  FALCIPARUM  INFECTIONS 
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TABLE  6 


ACTIVITY  OF  V7R  003019AM  (BL  18309)  ,  PROGUANIL,  AGAINST 
PLASMODIUM  FALCIPARUM  INFECTIONS 

F  . .  . . 


MALARIA  DOSE  mg/kg  PRIMARY  TREATMENTS  REPEAT  TREATMENTS  TOTAL  TREATMENTS 


STRAIN 

TOTAL 

DAILY 

CLEARED 

CURED 

CLEARED 

CURED  CLEARED 

CURED 

Smith 

3.0 

1.0 

0/2 

0/2 

0/2 

0/2 

30.0 

10.0 

0/2 

0/2 

0/2 

0/2 

150.0 

50.0 

0/2 

0/2 

0/2 

0/2 

DETAILED  ACTIVITY  OF  WR  250417AA  (BK  47734),  PROGUANIL  ANALOG, AGAINST  INFECTIONS 
,OF  THE  VIETNAM  SMITH  STRAIN  OF  PLASMODIUM  FALCIPARUM 


16 


co 

o 


X 


(0 


4J 

C 

V 

B 


+-> 

<d 


P 

H 


■P 

(0 

o 

fr, 


to 


a- 


id 

a 


CO 


CM 


o  o  o  o  o 

O  O 

0 

0 

o 

o 

o  o  o  o 

<D 

<u 

t n 

w 

— . 

o 

0 

id 

T3 

Tj 

P 

P 

o  o  o  o  o 

O  O  T) 

o  o 

o 

o 

rH  o  O  O 

<u 

d) 

0) 

O 

p 

£ 

•H 

• 

O' 

a 

.0 

•H 

*H 

V 

x: 

•ft 

£ 

£ 

0 

0 

0 

l 

0 

0 

0 

0 

o  fH 

iH 

o 

H  O  O  O 

i 

i 

O 

o 

o 

O 

a) 

a) 

• 

• 

• 

• 

« 

a 

o 

V 

o 

V 

o 

V 

to 

<N 

0 

T 

0 

0 

0 

O  fH  o 

o  o 

CO 

o 

tH  O  O  O 

os 

r~ 

o 

O 

• 

• 

rH 

• 

• 

c 

o 

O 

vo 

V/ 

V 

in 

rH 

H  H  O  H  O 

O  vo  o 

rH  O 

VC 

o 

rH  O  O  O 

rH 

O  O  O 

o 

o 

• 

O 

CO 

rH 

•  •  • 

• 

• 

o 

• 

o  o  o 

O 

o 

O 

vV  v 

V 

\* 

*w 

•H 

p 

IT5 

id 

rH  O 

.H  CO 

vo  in  h  o 

rH  rH  O 

eg  rH 

CO 

rH 

iH  O  O  C 

itj  cn 

(0  <N 

OOO  • 

O 

•  o 

rH 

o 

O 

E  eg 

E  in 

•  •  •  o 

• 

o  • 

• 

• 

OOO 

o 

o 

o 

o . 

1 

I 

V 

V 

V 

V 

TJ 

T> 

0)  in 

O 

rd 

id 

•H  VO 

■H  CN 

(NHtOHH 

CO  o  fH 

r-  rH 

r-  -H 

CN  -H 

2 

0 

0 

1 

Q  eg 

O  CD 

o  in  O 

in  o 

in  U 

P 

•  O 

•  • 

• 

nJ 

id 

o 

O  o 

o 

rH 

fH 

o 

V 

V 

id 

V 

e  e 


o  o  o  o 


o  o  o  o 


o  o  o  o 


O  iH  O  O 

o 

• 

o 

V 


rlHHO 

o  o  • 

.  .  o 


o  p 
V  v 


ICHNO 

•  o 


o 


o 

V 


incoHO 


o 


■P 

d 

0) 

B 

-p 

id 

<u 

& 

O 

>> 

aJ 

Q 


w 

3 

•H 

0 

< 


IZ 


rvj  rr  (N 
r-  oo  <n  vo 

H(M  (N 


oo  r*  vo  co 
cr>  vo  a>  r- 
rr  cm 


h  o  n  h 

H  O  in  CO 

to 


vo  r*  r*  in 
<j>  in  rH 
cm  in 


n  o^ot^hCDvoh 
fH  in  o  o  vo  • 
•  m  o 
o 


o>  co  o  invorHo 

^  H  h  •  CO  O 

o  in  co 


HOinOOD(J)Oh 

in  oo  ^  co  •  r4  o  in 

O  ^  co 


HnoooHmofM 
m  moin^h 

•  Tj4  rH 

3 


T?  Ti 

tf  di  O  cilin  (DITIHHH 

H  H  to  'r|  tf  -rl  OOO 

H  C  Q  ... 

OOO 

V  W 


MCMnrot'OCHtoHH 
m  N  o  n  H  Ol  n  .  o  • 
N*  00  i — 1  i — I  O  •  O 

o 

V 


fHOOfHOCnOfNfHfH 

inotototOMfm  o 

to  MO  O  • 

r~l  O 

\s 

CO  Ot  tf  H  •  O  O 

cn  in  in  oo  o  •  • 

p  ° 
V  ^ 


in  rH  i — I 

nn  o 
o 


tfOOH 
Is  N  H  C 


f — I  »— I  t — I  * — I 
.... 
O  O  O  o 


OOOOOOOO  OOOOOOOOOO 


o 


INI  to  H  00 
CO  r-l  • 

o 


O'  oo  nt  to 
o  o 

o  o  o  o 


p  p  p  p 

n  n  ot  h 
o  iH  fH  m 
IN  IN  IN  IN 


P  P 

P  P  P  P  P  p 
nrrastntntD'ryTr 
asHr'iior'-cNr-tH 
fH  (N  fH  fH  rH  CO  tH  CO 
<NCNIN<NCNCNCN<N 
i — !  i — (  r — (  ' — I  i — I  f — I  rH  fH 


OOOOOOOOOO 


p  p  p 

pppppppp 
tntonw>ttr)Tftntnto 
rn^Mioocrir-iior'CN 
OUNCtHHHCNHHn 
HINH<N<N<NNCS<NN 
i — I  i — t  t — I  iH  i — I  rH  ! — I  fH  iH  rH 


o  o  o  o 
in  in  m  in 


P 

P  P 
P  P 
» in  in 
<N  H  tH  to 
<Tt  <N  <N  rH 
H  N  N  N 


a)  Intestinal  obstruction 


DETAILED  ACTIVITY  OF  WR  250417AA  (BK  47734),  PP.OGUANIL  ANALOG^ AGAINST  INFECTIONS 
OF  THE  VIETNAM  SMITH  STRAIN  OF  PLASMODIUM  FALCIPARUM 


b)  Pyrimethamine 


Q 

H 


O 

O 

G 

a; 

Ph 


■^r 

n 

r~ 

r~- 

'a' 

X5 

ff 


in 

Eh 

M 

i: 

w 


00 

W 

Q 

CQ 

< 

Eh 


P1 

O 

in 

CM 

05 

25 

Cm 

O 

X 

Eh 


tu 

a. 

Eh 


PI 
jrt 
PU 

H 
O 
Q 
< 
fc  A- 

C  £ 
W>  13 
Z  H 

o  o 

H  O 
EH  Z 

a  <n 
w  «< 

ptl  p 

Z  A, 


> 

M  Eh 
Eh  C/i 
U  Z 
<  H 
<  . 
W  U  05 
a  <  Eh 
Eh  « 


P, 

O 

Z 

H 

<; 


05 

| 

05 

1 

I 

-P 

1 

P 

to 

05 

0 

0 

Oh 

1 

Pu 

| 

1 

rH 

.H 

w 

■p 

o 

z 


x  <u  x  <i> 
n)  n  ic  m 
Q  0  P  0 
X)  Xl 

•s  *» 

m  eh  id  eh 
•H  <u  -H  0) 
U  X.  P  X 
(0  CP  id  O' 

i — I  ‘p  rp  *H 

m  a:  id  x 
e  e 

•k  ^ 


X)  A  Xi  S 
<U  I  0)  I 
•p  0)  -P  ID 
Q  05  O  « 


-  18  - 


g  £ 


£ 

i 


o 

Q)  0)  0 

-p 

in 

u)  in  tn 

U) 

0 

ooo 

o 

T3 

Xi  T3  73 

04 

1 

P 

Eh  Eh  U 

VO 

d) 

<U  0)  <u 

£ 

XI  X  XI 

0  tn  0 

rd 

•p  *p  -p 

c 

XI 

X  X  & 

v  «*  *  *  a> 

xixxixxxxJ'H 
0)  {*  HKKK  0)  Q 
p  I  Eh  I  I  I  M 

3  <15  3  0)  <15  <W  3  - 

UttUIK.  05  05  U 


IEH  ip 

0  O 


n  to 

X  X  0  0) 
id  id  in  iii 

a  q  o  o 

XJ  -a 


id  id  (-i  Eh 

•H  -H  <15  (U 

M  P  X  X 

id  <d  o  o- 

r — I  H  *H  *H 

nj  id  £  Q, 

E  E 

xj  xd  xd  *-'d  - 

<D  <15  0)  X3  0)  XJ 

p  p  p  <15  P  <15 

3  3  3  -H  3  'H 

uuuauc 


x  X'd'a 

K  K  0)  0) 
I  I  Eh  Eh 
05  <U  3  3 


X)  X)  X) 

a)  <u  a) 

Eh  Eh  Eh 

3  3  3 
O  CJ  O 


O  X 

p  01 
<HH 


<u  a> 
«  id  05  o 
X  c  w 

hJ-h  o 


a  X  EH  X) 


id  id  <d  3 
•  •  «  • 
c  c  c  c 


•  r" 
C  rH 


• 

3 

.  VO  00  OH 
C<HPro 


id  id 

c  c 


•  ••«•*  •  • 

3  id  id  m  id  id  id  id 

•  •«•••  r-  rH  •  • 

CCCCCCrHOHCC 


id  m  id 
*  »  • 
c  c  c 


X  P 
EK-H 

O  OT 
pH  n) 
«HH  Id  P 
•H 


MEfc  id 
X*H  1 V 

Id  C  O  rH 
AHE-O 


id  id  id  id 
•  •  •  • 
pace 


r--0'VOcr>invecom 


o-  vo  cr> 


•  • 

id  id 

•  •  o 

3  vo 


X 

05 

O 

+-< 


•a 

<u 


++++++++ 


+  +  +  +  +  +  +  .+  +  +  + 


id 

•H 

E 

<u 

P 

•H 

«0 

id 

E< 

id 

x 

*4-h 

o 


a 


x) 

3 

UJ 

M 

<U 

Eh 

eu 

OE 

3 

to 


+ 


+  +  + 


+ 


to 


X 

X  bfi 
H  OX 
•H  W 
id  O  M 

QOS 


X 

<a 

M 

c  o 
o  z 
s 


< — I  * — I  ' — I  '  I 
•  •  •  • 
o  o  o  o 


Eh  Eh  Eh  Eh 

(Ti  vf  O  Vf 

to  X  0>  #H 
OrlrHI*! 
OH  OH  IN  OH 
i — I  t — I  * — I  *  I 


oooooooo 


oooooooooo  ooo 

•  •«••••••*  »  *  4 

OOOOOOOOOO  ooo 

h  i— h  p  p  p  p  p  fp  p  fp  in  m  tn 


p  Eh 

p  P  P  p  Eh  Eh 
n^wini/nc't'f 
COrHnvOXOHXf-H 
HNHrHrHBHin 
OHOHOHOHOIININOH 


U  Eh  Eh 

PPMEhEhPPEh 

mvocoooH}*in*a'ininvo 

BHrH'OBffiHVOON 

CIINOlrHrHHf'HHi — ICO 
POHPOHINOHOHOHOHIN 
pprHHrHrHrHHPH 


Eh 

Eh 

00  in  rf 
O)  H  H 
O  OH  OH 
PNOI 
PrlH 


a)  Intestinal  Obstruction 


i9 


0) 

G 

*H 

E 

(0 

X! 

+J 

a) 

E 

•H 

u 

a. 


J3 


-  20  ~ 

TABLE  9 

ACTIVITY  OF  VTR  250417AA  (BK  47734  ),  PROGUANIL  ANALOG, 
AGAINST  INFECTIONS  OF  PLASMODIUM  FALCIPARUM 


MALARIA 


DOSE  mg/kg 


PRIMARY  TREATMENTS 


REPEAT  TREATMENTS  TOTAL  TREATMENTS 


STRAIN 


TOTAL 

DAILY 

CLEARED 

CURED 

CLEARED 

CURED 

CLEARED 

CURED 

0.3 

0.1 

0/4 

0/4 

0/4 

0/4 

3.0 

1.0 

2/2 

1/2 

6/6 

2/5 

8/8 

3/7 

30.0 

10.0 

2/2 

2/2 

6/6 

4/6 

8/8 

6/8 

150.0 

50.0 

2/2 

2/2 

2/2 

2/2 

4/4 

4/4 

Smith 
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IN  VIVO  TRIALS  TO  REVERSE  CHLOROQUINE  RESISTANCE  OF  PLASMODIUM 
FALCIPARUM  BY  THE  CONCOMITANT  ADMINISTRATION  OF  CALCIUM  CHANNEL 
BLOCKERS  OR  SIMILAR  ACTING  DRUGS  PLUS  CHLOROQUINE 


A.  Introduction 


Subsequent  to  the  initial  reports  (1,  2)  of  chloroquine 
resistance  in  human  P.  falciparum,  intensive  efforts  have  been 
focused  upon  the  identification  of  new  drugs  effective  against 
such  strains  and,  to  a  much,  lesser  extent,  the  mechanism  of 
chloroquine  resistance.  Two  recent  reports  (3,4)  indicate  the 
in  vitro  reversal  of  chloroquine  resistance  by  the  use  of  vera¬ 
pamil  ,  a  calcium  channel  blocker.  To  explain  this  observation, 
it  is  proposed  that  chloroquine-resistant  falciparum  parasites 
prevent  the  accumulation  of  chloroquine  in  the  infected  erythrocyte 
and  thus  escape  the  cytocidal  action  of  the  drug.  The  use  of  a 
calcium  channel  blocker,  or  other  similar  acting  drugs,  stops 
the  active  efflux  of  chloroquine  which  then  accumulates  to  a 
toxic  level  and  kills  the  parasite.  Based  upon  the  in  vitro 
observations,  a  series  of  trials  were  initiated  to  determine  if 
in  vivo  reversal  of  chloroquine-resistance  is  feasible,  using 
the  Aotus  model.  If  such  were  possible  in  the  monkey  model,  and 
subsequent  human  trials  substantiated  these  results,  then  treat¬ 
ment  of  patients  with  chloroquine-resistant  P.  falciparum  infections 
would  be  significantly  enhanced. 
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B..  Response  of  infections  of  the  Vietnam  Smith  strain 
of  P.  falciparum  to  chloroquine  (WR  001544BM:  BN:AR 
20613) 


The  detailed  response  of  the  parasitemias  in  chloroquine 
only  treated  Aotus  is  presented  in  the  tables  for  each  of  the 
experiments  in  this  section.  The  results  are  summarized  in 
Table  10  and  indicate  that  primary  treatments  with  chloroquine 
did  not  clear  parasitemias,  although  retreatments  did  effect 
parasite  clearance.  No  infections  of  the  chloroquine-resistant 
Smith  strain  were  cured  by  chloroquine  alone. 

During  primary  treatment  with  chloroquine,  a  suppression 
of  parasitemia,  in  comparison  with  the  untreated  controls,  was 
observed.  Since  the  Smith  strain  was  identified  (5)  as  being 
RIII  resistant  to  chloroquine,  there  may  have  been  the  possibility 
that  passage  of  parasites  by  infected  blood  for  more  than  12  years 
and  occasional  cryopreservation  and  thawing  of  the  parasites  may 
have  resulted  in  the  selection  of  a  strain  with  increased  sensi¬ 
tivity  to  chloroquine.  As  described  in  the  next  section,  a 
strain  of  Smith  parasites  was  isolated  with  a  projected  higher 
resistance  to  chloroquine. 
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TABLE  10 

ACTIVITY  OF  CHLOROQUINE  (WR  001544BM;  BN:  AR  20613)  AGAINST  INFECTIONS 
OF  THE  VIETNAM  SMITH  STRAIN  OF  PLASMODIUM  FALCIPARUM 


MALARIA  DOSE  mg/kg  PRIMARY  TREATMENTS 

STRAIN  TOTAL  DAILY  CLEARED  CURED 


REPEAT  TREATMENTS  TOTAL  TREATMENTS 
CLEARED  CURED  CLEARED  CURED 


Smith 


60.0  20.0  0/3 

80.0  40/20/20*  0/2 


0/3 

0/2 


1/1 

2/2 


0/1  1/4  0/4 

0/2  2/4  0/4 


*  Administered  as  40.0  mg/kg  on  Day  1, 
and  20.0  mg/kg  on  Days  2  and  3 
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C.  Isolation  of  the  Vietnam  Smith/RE  strain  of  P.  falciparum 
and  its  response  to  chloroquine  (WR  001544BM;  BN : AR 
20613) 

Aotus  12328,  was  used  as  a  chloroquine  treated  control  in 
experiments  described  in  a  subsequent  section.  Primary  treat¬ 
ment  was  40.0  mg  per  kg  of  chloroquine  on  day  1,  and  20.0  mg  per 
kg  on  days  2  and  3. 

There  was  suppression  of  parasitemia,  and  beginning  on  day  5 
after  termination  of  the  initial  regimen,  a  second  course  of 
treatment  was  initiated  at  the  same  doses.  The  parasi^mia  was 
cleared  on  day  12  after  the  termination  of  the  second  regimen, 
with  a  recrudescence  beginning  on  day  34  after  treatment. 

Parasites,  during  this  recrudescence,  were  subinoculated  into 
each  of  three  Aotus ,  and  evaluated  for  their  response  to  chloroquine 
(Tables  11,  12,  and  13).  The  data  in  these  tables  show  that  primary 
treatment,  with  either  20.0  mg  base  per  kg  (x  3  days),  or  40.0  mg 
base  per  kg  (x  1  day),  and  20.0  mg  per  kg  (x  2  days),  suppressed 
the  parasitemia.  Retreatment  with  the  20.0  mg  per  kg  (x  3)  cured 
the  infection,  while  retreatment  with  the  second  regimen  cleared 
the  parasitemia,  but  did  not  cure  the  infection. 

This  strain  was  called  the  Vietnam  Smith/RE  and  used  for  eva¬ 
luation  of  some  calcium  channel  blockers,  as  detailed  in  succeeding 
sections . 
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•TABLE  13 

ACTIVITY  OF  CHLOROQUINE  (WR  001544BM;  BN:  AR  20613)  AGAINST  RECRUDES- 
CENT  PARASITES  OF  THE  VIETNAM  SMITH  STRAIN  OF  PLASMODIUM  FALCIPARUM 


MALARIA 

DOSE  mg/kg 

PR  IMARY 

TREATMENTS 

REPEAT 

TREATMENTS 

TOTAL  TREATMENTS 

STRAIN 

TOTAL 

DAILY 

CLEARED 

CURED 

CLEARED 

CURED 

CLEARED 

CURED 

Smith 

60.0 

20.0 

0/1 

0/1 

1/1 

1/1 

1/2 

1/2 

80.0 

40.0x1 

20.0x2 

0/1 

0/1 

1/1 

0/1 

1/2 

0/2 
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D.  WR  255694AB;  BN :BL  22009  -  Verapamil 

Detailed  results  of  trials  with  verapamil  to  reverse  chloroquine 
resistance  of  infections  with  the  Vietnam  Smith  strain  are  shown 
in  Table  14,  and  summarized  in  Table  15  and  17.  Evaluation  of 
verapamil  alone  indicated  that  parasitemia  was  cleared  in  each 
of  two  Aotus  subsequent  to  a  3-day  dosage  of  25.0  mg  per  kg.  Re¬ 
ference  to  the  detailed  course  of  parasitemia  in  Table  14,  shows 
that  the  parasitemia  in  Aotus  11806  was  suppressed,  but  not  suppres¬ 
sed  in  Aotus  12010.  The  rate  of  parasite  clearance  in  these  Aotus 
was  equal  to  that  which  occurs  in  untreated  Vietnam  Smith  infec¬ 
tions  and,  therefore,  cannot  be  wholly  attributable  to  drug  action. 

A  3-day  dosage  of  50.0  and  100.0  mg  per  kg  had  no  effect  upon  para¬ 
sitemias  in  a  total  of  three  monkeys,  and  all  died  of  apparent  drug 
toxicity  on  days  5,  7,  and  3  after  the  completion  of  treatment. 

Each  of  two  Aotus  received  a  3-day  dosage  of  25.0  mg  per  kg  of 
verapamil  plus  20.0  mg  per  kg  of  chloroquine.  Vietnam  Smith  parasi¬ 
temias  were  cleared  in  both  monkeys,  but  again  at  a  rate  similar  to 
that  seen  in  untreated  infections.  The  infection  in  Aotus  11995 
was  cured  while  Aotus  12000  died  of  an  intercurrent  infection  29  days 
after  the  end  of  treatment.  A  3-day  dosage  of  50.0  mg  per  kg  of 
verapamil  plus  20.0  mg  per  kg  of  chloroquine  had  no  activity  against 
the  parasitemia  in  each  of  two  Aotus ;  one  monkey  died  of  malaria 
on  day  5  after  the  end  of  treatment,  and  the  other  animal  died  on 
day  2  of  treatment,  probably  of  drug  toxicity. 

Chloroquine,  alone,  at  a  3-day  dosage  of  20.0  mg  per  kg  had 
some  suppressive  effect  upon  the  parasitemia,  but  both  animals 
succumbed  to  the  malaria  infection. 

Results  of  the  evaluation  of  verapamil  and  chloroquine  against 
Vietnam  Smith/RE  infections  are  presented  in  Tables  14,  16,  and  17. 
For  this  study,  verapamil  was  administered  three  times  per  day 
(8:00  AM,  Noon,  4:00  PM),  in  an  attempt  to  maintain  a  high  blood 
concentration  of  the  calcium  channel  blocker.  A  3-day  dosage  of 
5.0  mg  per  kg  of  verapamil  alone  had  no  activity  against  parasitemia, 
and  retreatment  with  10.0  mg  per  kg  of  verapamil  plus  a  single 
daily  dosage  of  20.0  mg  per  kg  was  not  effective,  as  the  animal 
died  of  malaria  on  day  2  of  treatment. 

Treatment  with  a  3-day  dosage  of  verapamil  at  5.0  mg  per  kg  plus 
a  daily  dose  of  20.0  mg  per  kg  of  chloroquine  has  no  activity 
against  the  parasitemia  in  one  Aotus ,  and  suppressed  the  parasite¬ 
mia  in  Aotus  11940,  that  died  on  day  2  retreatment  with  10.0  mg  per 
kg  of  verapamil  plus  20.0  mg  per  kg  of  chloroquine. 

A  3-day  dosage  of  20.0  mg  per  kg  of  chloroquine  had  no  effect 
upon  parasitemia  in  Aotus  11921,  that  died  of  malaria  on  day  4 
post  treatment.  This  dosage  of  chloroquine  suppressed  the  parasi¬ 
temia  in  11932,  and  retreatment  with  the  same  dosage  cured  the 
infection . 
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TABLE  17 

ACTIVITY  OF  VERAPAMIL  (WR  255694AB;  BN :BL  22009),  ALONE,  AND  IN 
COMBINATION  WITH  CHLOROQUINE  (WR  001544BM;  BN-.AR  20613)  AGAINST 
INFECTIONS  OF  TWO  STRAINS  OF  PLASMODIUM  FALCIPARUM 


MALARIA 

DOSE  mg/kg 

PRIMARY 

TREATMENTS 

REPEAT 

TREATMENTS 

TOTAL  TREATMENTS 

STRAIN 

TOTAL 

DAILY 

CLEARED 

CURED 

CLEARED 

CURED 

CLEARED 

CURED 

VIETNAM 

75.0 

25.0a 

2/2 

0/2 

2/2 

0/2 

SMITH 

150.0 

50 . 0a 

0/2 

0/2 

0/2 

0/2 

300.0 

100.0a 

0/1 

0/1 

0/1 

0/1 

75.0 

60.0 

25.0a 

20.0b 

2/2 

1/2 

2/2 

1/2 

150.0 

60.0 

50 . 0a 
20.0b 

0/2 

0/2 

0/2 

0/2 

60.0 

20.0b 

0/2 

0/2 

0/2 

0/2 

3MITH/RE 

45.0 

15.0aa 

0/1 

0/1 

0/1 

0/1 

45.0 

60.0 

15.0aa 

20.0b 

0/2 

0/2 

0/2 

0/2 

60.0 

20.0b 

0/2 

0/1 

1/1 

1/1 

1/3 

1/2 

a  Verapamil 

aa  Verapamil  5.0  mg/kg  3x/day 
b  Chloroquine 
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E.  WR  2 5 56 9 5 AC ;  BN :BL  21995  -  Nifedipine 

Nifedipine,  a  calcium  channel  blocker,  was  used  in  trials 
to  reverse  chloroquine-resistance  of  Vietnam  Smith  infections 
(Tables  18,  19,  20,  21,  and  26)  As  presented  in  Tables  18  and 
19,  a  3-day  dosage  of  nifedipine  alone  of  5.0  mg  per  kg  had  no 
activity  against  the  parasitemia,  nor  did  retreatment  with  a  3- 
day  dosage  of  20.0  mg  per  kg  of  nifedipine  plus  20.0  mg  per  kg 
of  chloroquine.  The  animal  died  of  malaria  on  day  2  post  treat¬ 
ment  . 


Nifedipine,  alone,  administered  in  a  3-day  dosage  of  10.0 
mg  per  kg  was  inactive  against  Smith  parasites.  Retreatment 
with  a  3-day  dosage  of  40.0  mg  per  kg  of  nifedipine  plus  20.0 
mg  per  kg  of  chloroquine  cured  the  infection. 

Nifedipine  administered  for  three  days  at  5.0  mg  per  kg 
plus  20.0  mg  per  kg  chloroquine  suppressed  the  parasitemia  in  one 
Aotus ,  and  retreatment  with  a  3-day  dosage  of  20.0  mg  per  kg  of 
nifedipine  plus  20.0  mg  per  kg  of  chloroquine  cured  the  infection. 

A  primary  treatment  of  nifedipine  at  10.0  mg  per  kg  for  3  days 
plus  chloroquine  at  20.0  mg  per  kg  for  3  days  suppressed  parasite¬ 
mia  in  one  monkey.  Retreatment  with  nifedipine  at  40.0  mg  per  kg 
for  3  days  cured  the  infection. 

The  parasitemia  in  one  chloroquine  -  only  treated  monkey  was 
suppressed  by  a  3-day  dosage  of  20.0  mg  per  kg,  and  a  repeat  of 
this  regimen  cleared  the  parasitemia,  but  did  not  cure  the  in¬ 
fection,  as  indicated  by  a  recrudescence. 

Results  of  a  second  trial  to  reverse  chloroquine-resistance 
of  the  Vietnam  Smith  strain  with  nefedipine  and  chloroquine  are 
shown  on  Tables  20  and  21.  In  this  experiment,  nifedipine  was 
administered  three  times  per  day,  at  4  hour  intervals  starting  at 
8:00  AM,  for  three  days.  Chloroquine  was  administered  on  day  1 
of  treatment  at  40.0  mg  per  kg,  and  on  days  2  and  3  at  20.0  mg 
per  kg.  The  hypothesis  underlying  this  increase  of  frequency  of 
administering  nifedipine  and  a  loading  dose  of  chloroquine  on 
day  1  of  treatment,  might  increase  the  drug  blood  levels  and 
achieve  reversal  of  resistance  to  chloroquine. 

The  parasitemia  in  each  of  two  Aotus  administered  nifedipine 
at  5.0  mg  per  kg  for  days  was  not  affected  and  both  animals  died 
of  malaria  on  post  treatment  days  4,  and  5,  respectively. 

Two  A°tus  each  received  nifedipine  in  a  3-day  dosage  of  5.0  mg 
per  kg  (3x/day)  plus  chloroquine  (40.0,  20.0,20.0  mg  per  kg).  Parasi¬ 
temias  were  suppressed  in  both  monkeys  and  retreated  with  10.0  mg 
per  kg  of  nifedipine  and  chloroquine,  as  in  the  primary  treatment. 

This  retreatment  cleared  parasitemias  in  both  monkeys,  and  cured 
the  infection  in  one  animal. 

Two  Aotus  served  as  chloroquine  only  treated  controls.  The 
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primary  treatment  with  a  3-day  dosage  of  40.0,  20.0,  and  20.0 
mg  per  kg  suppressed  the  parasitemia  in  each  of  the  two  monkeys, 
and  retreatment  with  the  same  regimen  cleared  parasitemias,  but 
did  not  cure  the  infection. 

Nifedipine  plus  chloroquine  was  evaluated  for  its  potential 
to  reverse  chloroquine  resistance  of  Vietnam  Smith/RE  infections. 

The  results  are  presented  in  Tables  22-25,  and  summarized  in 
Tables  26.  Nifedipine  administered  3x/day  at  5.0  mg  per  kg  for 
three  days  plus  chloroquine  for  three  days  at  20.0  mg  per  kg  daily 
had  no  effect  upon  the  parasitemia  in  Aotus  11943 ,  and  died  of 
malaria  on  day  5  post  treatment.  The  parasitemia  was  suppressed 
in  Aotus  11946  by  the  same  dosages  and  retreatment  with  10.0  mg 
per  kg  T3x/day)  of  nifedipine  for  three  days  plus  chloroquine  had 
no  antimalarial  activity.  The  animal  died  of  an  intercurrent 
infection  on  day  9  post  treatment. 

One  monkey  died  of  malaria  after  a  3-day  dosage  of  20.0  mg  per 
kg  of  chloroquine;  this  dosage  suppressed  the  parasitemia  in  another 
monkey  and  cured  the  infection  following  re-treatment. 

The  results  shown  in  Tables  24  and  25  are  those  from  a  trial 
in  which  it  was  planned  to  administer  20.0  mg  per  kg  of  nifedipine 
three  times  per  day  for  seven  days  plus  20.0  mg  per  kg  of  chloroquine 
for  treatment  days  1,  2  and  3.  Aotus  11916  died  of  malaria  on  day 
5  of  the  treatment  period,  and  Aotus  11917  died  of  malaria  on  day 
7,  after  having  received  the  last  drug  dose. 

A  three  day  treatment  with  20.0  mcj  per  kg  of  chloroquine  showed 
the  parasites  refractory  to  the  drug  _  id  the  animal  died  of  malaria 
on  day  4  post  treatment. 
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Nifedipine 

Chloroquine 


'SUMMARY  OF  THE  ACTIVITY  OF  NIFEDIPINE  (WR  255695AC;  BL  21195),  ALONE  AND  IN  COMBINATION 
"WITH  CHLOROQUINE  (WR  001544BM;  AR  20613)  AGAINST  INFECTIONS  OF  THE  VIETNAM  SMITH 

STRAIN  OF  PLASMODIUM  FALCIPARUM 
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Nifedipine  -  3x  day 

Chloroquine  -  lx/day,  on  treatment  days  1,2  and  3  only 


TABLE  26 


ACTIVITY  OF  NIFEDIPINE  (WR  255695AC;  BN :BL  21995),  ALONE  AND  IN 
COMBINATION  WITH  CHLOROQUINE  (WR  00154  BM;  BN:AR  20613)  AGAINST 
INFECTIONS  OF  TWO  STRAINS  OF  PLASMODIUM  FALCIPARUM 


MALARIA 

DOSE  mg/kg 

PRIMARY 

TREATMENTS 

REPEAT 

TREATMENTS 

TOTAL  TREATMENTS 

STRAIN 

TOTAL 

DAILY 

CLEARED 

CURED 

CLEARED 

CURED 

CLEARED 

CURED 

VIETNAM 

SMITH 

15.0 

5.0a 

0/3 

0/3 

0/3 

0/3 

30.0 

10.0a 

0/1 

0/1 

0/1 

0/1 

15.0 

60.0 

5.0a 

20.0b 

0/1 

0/1 

0/1 

0/1 

30.0 

60.0 

10.0a 

20.0b 

0/1 

0/1 

0/1 

0/1 

60.0 

20.0a 

60.0 

20.0b 

1/2 

1/1 

1/2 

Vi 

120.0 

60.0 

40.0a 

20.0b 

2/2 

2/2 

2/2 

2/2 

15.0 

80.0 

5 . 0a  0 

40/20/20bb  U/2 

0/2 

0/2 

0/2 

30.0 

80.0 

10 . 0a 

40/20/20bb 

2/2 

1/2 

2/2 

1/2 

60.0 

20.0b 

0/1 

0/1 

1/1 

0/1 

1/2 

0/2 

80.0 

40/20/20bb  0/2 

0/2 

2/2 

0/2 

2/4 

^0/4 

SMITH/RE 

45.0 

60.0 

15.0a 

20.0b 

0/2 

0/2 

0/2 

0/2 

90.0 

60.0 

30.0a 

20.0b 

0/1 

0/1 

0/1 

0/1 

420.0 

60.0 

60.0a 

20.0b 

0/2 

0/2 

0/2 

0/2 

60.0 

20.0b 

0/3 

0/3 

1/1 

1/1 

1/4 

1/4 

a.  Nifedipine 

b.  Chloroquine 

bb.  Chloroquine  40.0  mg/kg  Day  1,  20.0  mg/kg  Days  2  and  3 
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F.  WR  256287AA;  BN : BL  28636 
WR  256287AB;  BN : BL  51153 

This  drug,  prepared  by  Hoffman  La  Roche,  is  a  structural 
analog  of  verapamil  and  is  putatively  more  active  as  a  calcium 
channel  blocker  in  humans.  It  is  also  4x  more  effective  than  ve¬ 
rapamil  in  reversing  chloroquine  resistance  ill  vitro .  Two 
chemically  identical  lots  of  WR  256287  were  used  for  ir\  vivo 
trials.  Results  of  the  initial  study  against  infections  of  the 
Vietnam  Smith  strain  are  shown  in  Tables  27  and  28. 

A  3-day  dosage  of  1.0  mg  per  kg  of  WR  256287  alone  showed 
no  effect  upon  parasitemia.  Retreatment  with  5.0  mg  per  kg  of 
the  experimental  drug  plus  20.0  mg  per  kg  of  chloroquine  for 
three  days  cleared  the  parasitemia,  but  did  not  cure  the  infection. 

WR  256287,  alone,  administered  for  three  days  at  25.0  mg 
per  kg  had  no  activity  on  the  parasitemia.  Retreatment  with 
WR  256287  at  50.0  mg  per  kg  plus  chloroquine  at  20.0  mg  per  kg, 
both  for  three  days,  cleared  the  parasitemia,  but  a  recrudescence 
occurred. 

Primary  treatment  for  three  days  WR  256287,  at  1.0  or  25.0 
mg  per  kg,  each  plus  20.0  mg  per  kg  of  chloroquine,  did  not 
effect  the  parasitemia.  Retreatment  with  WR  256287  for  three 
days  at  5.0  or  50.0  mg  per  kg,  plus  chloroquine  at  20.0  mg  per 
kg,  for  each  dose,  cured  the  infection  in  2  of  2  Aotus . 

Primary  treatment  with  chloroquine  only  at  20.0  mg  per  kg 
(x  3  days)  had  a  questionable  suppressive  effect.  Retreatment 
with  this  dosage  cleared  the  parasitemia,  but  did  not  cure  the 
infection . 

Data  associated  with  trial  to  reverse  chloroquine  resistance 
in  Vietnam  Smith/RE  infections  are  shown  in  Tables  29,  30,  31,  and 
summarized  in  Table  32.  In  each  of  two  Aotus ,  the  primary  treat¬ 
ment  consisted  of  WR  256287  at  20,0  mg  per  kg  administered  three 
time  daily  for  seven  days  plus  chloroquine  at  20.0  mg  per  kg  admi¬ 
nistered  for  the  first  three  days  of  the  treatment  period.  Parasi¬ 
temias  in  both  monkeys  were  suppressed  significantly  in  comparison 
with  the  parasitemia  in  the  chloroquine  only  treated  monkey. 

with 

Retreatment  in  both  monkeys  /a  3-day  dosage  consisted  of  WR 
256287  at  50.0  mg  per  kg  once  a  day  plus  chloroquine  daily  at  20.0 
mg  per  kg.  Parasitemias  were  cleared,  but  the  infections  were  not 
cured. 
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(  TABLE  32 

4 

,  ACTIVITY  OF  WR  256287AA  (BN : BL  28636)  AND  WR  256287AB  (BN : BL  51153), 

’  ALONE,  AND  IN  COMBINATION  WITH  CHLOROQUINE  (WR  001544BM;  BN : AR  20613) 

AGAINST  TWO  STRAINS  OF  PLASMODIUM  FALCIPARUM 

P 

P 


MALARIA 

00SE  mg/kg 

PRIMARY  TREATMENTS 

REPEAT 

TREATMENTS 

TOTAL  TREATMENTS 

STRAIN 

TOTAL 

DAILY 

CLEARED 

CURED 

CLEARED 

CURE0 

CLEARED 

CURED 

VIETNAM 

3.0 

1.0a 

0/1 

0/1 

0/1 

0/1 

SMITH 

75.0 

25.0a 

0/1 

0/1 

0/1 

°/l 

3.0 

60.0 

1.0a 

20.0b 

o/i 

0/1 

0/1 

0/1 

15.0 

5 . 0a 

60.0 

20.0b 

2/2  i 

1/2 

2/2 

1/2 

75.0 

60.0 

25.0a 

20.0b 

0/1 

0/1 

0/1 

0/1 

150.0 

60.0 

50 . 0a 
20.0b 

2/2 

1/2 

2/2 

1/2 

60.0 

20.0b 

0/1 

0/1 

1/1 

0/1 

1/2 

0/2 

SMITH/RE 

420.0 

60.0 

60 . Oaa 
20.0b 

0/2 

0/2 

0/2 

0/2 

150.0 

60.0 

50.0a 

20.0b 

2/2 

0/2 

2/2 

0/2 

60.0 

20.0b 

0/1 

0/1 

0/1 

0/1 

a.  WR  256287  lx/day 

aa.  WR  256287  3x/day  for  7  days 

b.  Chloroquine  lx/day  for  3  days 


I 


f 


52 


ft.  WR  256410AA;  BN : BL  30887 

This  drug  is  a  chlorpromazine  analog  prepared  by  Smith  Kline 
and  French  Laboratories  and  was  evaluated  against  Vietnam  Smith 
infections  for  its  potential  to  reverse  chloroquine  resistance 
in  vivo  (Tables  33  -  35) .  When  WR  256410  was  administered  alone 
in  a  3-day  dosage  of  5.0  mg  per  kg,  there  was  no  response  of  the 
parasitemia;  retreatment  with  10.0  mg  per  kg  of  the  drug  was 
initiated , and  the  monkey  died  of  malaria  on  day  3  of  treatment. 
Primary  treatment  with  the  drug  alone  at  10.0  mg  per  kg  (x  3  days) 
had  no  effect  upon  the  parasitemia,  while  retreatment  with  20.0 
mg  per  kg  (x  3)  cleared  the  parasitemia,  but  a  recrudescence 
occurred . 

Combined  treatment  for  three  days  with  WR  256410  (5.0  mg  per 
kg)  plus  chloroquine  (20.0  mg  per  kg)  had  questionable  suppressive 
activity  on  the  parasitemia.  Retreatment  with  the  experimental 
drug  (10.0  mg  per  kg  x  3  days)  and  chloroquine  (20.0  mg/kg  x  3  days) 
cleared  the  parasitemia,  but  the  infection  was  not  cured.  A  3-day 
primary  treatment  of  WR  256410  (10.0  mg  per  kg)  plus  20.0  mg  per  kg 
of  chloroquine  suppressed  parasitemia,  and  retreatment  with  20.0 
mg  per  kg  each  of  the  experimental  drug  plus  chloroquine  cleared 
the  parasitemia,  but  with  a  subsequent  recrudescence. 


WR  256410 
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TABLE  35 


ACTIVITY  OF  WR  256410AA  (BN : BL  30887),  ALONE,  AND  IN  COMBINATION 
WITH  CHLOROQUINE  (WR  001544BM;  BN : AR  20613)  AGAINST  INFECTIONS  OF 


MALARIA 

STRAIN 

VIETNAM 

SMITH 


THE 

VIETNAM 

SMITH 

STRAIN  OF 

PLASMODIUM 

FALCIPARUM 

DOSE  mg/kg 

PRIMARY 

TREATMENTS 

REPEAT  TREATMENTS 

TOTAL  TREATMENTS 

TOTAL 

DAILY 

CLEARED 

CURED 

CLEARED 

CURED 

cleared 

CURED 

15.0 

5.0a 

0/1 

0/1 

0/1 

0/1 

30.0 

10.0a 

0/1 

0/1 

0/1 

0/1 

0/2 

0/2 

60.0 

20.0a 

1/1 

0/1 

1/1 

0/1 

15.0 

60.0 

5 . 0a 
20.0b 

0/1 

0/1 

0/1 

0/1 

30.0 

60.0 

10.0a 

20.0b 

0/1 

0/1 

1/1 

0/1 

1/2 

0/2 

60.0 

60.0 

20.0a 

20.0b 

1/1 

0/1 

1/1 

0/1 

a  WR  256410 
b  Chloroquine 
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H_. _ WR  255693AC ;  BN  :BL  48567  -  Diltiazem 


Results  of  the  trial  to  reverse  chloroquine  resistance  in  infec¬ 
tions  with  the  Vietnam  Smith  strain  are  presented  in  Tables  36  and 
37.  Diltiazem  was  administered  in  a  3-day  dosage  at  5.0  mg  per 
kg  three  times  a  day.  Chloroquine  was  administered  on  day  1 
at  40.0  mg  per  kg,  and  on  days  2  and  3  at  20.0  mg  per  kg.  Primary 
treatment  with  diltiazem  plus  chloroquine  suppressed  the  parasi¬ 
temia  in  each  of  two  Aotus ,  and  retreatment  cleared  the  parasite¬ 
mia,  but  the  infections  were  not  cured.  Parasitemia  was  suppressed 
during  primary  treatment  in  the  monkeys  that  received  chloroquine 
only;  retreatment  cleared  the  parasitemias,  but  did  not  cure  the 
infections . 

The  data  in  Tables  38  and  39  indicate  the  results  of  diltiazem 
plus  chloroquine  evaluated  against  infections  of  the  Vietnam 
Smith/RE  strain.  Diltiazem  was  administered  three  times  per  day 
for  three  days  and  chloroquine  administered  once  daily  at  20.0  mg 
per  kg  for  three  days.  Primary  treatment  with  diltiazem  (5.0  mg 
per  kg)  plus  chloroquine  suppressed  parasitemia  in  each  of  two 
Aotus .  Retreatment  with  diltiazem  (10.0  mg  per  kg)  plus  chloroquine 
had  no  activity  against  parasitemia  in  one  monkey,  that  died  of 
malaria  on  day  1  post  treatment;  the  parasitemia  was  cleared  in  the 
second  animal,  that  died  of  an  intercurrent  infection  on  day  13  post 
treatment . 

Primary  treatment  with  chloroquine  only  had  no  effect  upon  para¬ 
sitemia  in  one  Aotus  that  died  of  malaria  on  day  4  post  treatment. 

The  parasitemia  was  suppressed  in  the  second  animal  that  received 
chloroquine  only  and  the  infection  was  cured  following  retreatment. 


DETAILED  ACTIVITY  OF  DILTIAZEM  IN  COMBINATION  WITH  CHLOROQUINE  (WR  001544BM;  AR  20613) 
AGAINST  INFECTIONS  OF  THE  VIETNAM  SMITH  STRAIN  OF  PLASMODIUM  FALCIPARUM 
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•SUMMARY  OF  THE  ACTIVITY  OF  DILTIAZEM  IN  COMBINATION  WITH 
GHLOROQUINE  {WR  001544BM;  AR  20613)  AGAINST  INFECTIONS  OF  THE 
VIETNAM  SMITH  STRAIN  OF  PLASMODIUM  FALCIPARUM 
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TABLE  40 


ACTIVITY  OF  DILTIAZEM  (WR  255693AC;  BN : BL  48567)  PLUS  CHLOROQUINE 
(WR  001544AM?  BN : AR  20613)  AGAINST  INFECTIONS  OF  TWO  STRAINS  OF 

PLASMODIUM  FALCIPARUM 


HALARIA  00SE  mg/kg  PRIMARY  TREATMENTS  REPEAT  TREATMENTS  TOTAL  TREATMENTS 


STRAIN 

TOTAL 

DAILY  CLEARED 

CURED 

CLEARED 

CURED 

CLEARED 

CURED 

■VIETNAM 

SMITH 

45.0 

80.0 

15.0a 

40/20/20b 

0/2 

0/2 

2/2 

0/2 

2/4 

0/4 

80.0 

40/20/20b 

0/2 

0/2 

2/2 

0/2 

2/4 

0/4 

SMITH/RE 

45.0 

60.0 

15.0a 

20 . Obb 

0/2 

0/2 

0/2 

0/2 

90.0 

60.0 

30 .  Oaa 

20. Obb 

1/2 

0/2 

1/2 

0/2 

60.0 

20.  Obb 

0/2 

0/2 

1/1 

1/1 

1/3 

1/3 

a  Diltiazem  5.0  mg/kg  3x/day 
aa  Diltiazem  10.0  mg/kg  3x/day 
b  Chloroquine  40.0  mg/kg  Day  1,  20.0  mg/kg  Days  2  and  3 
bb  Chloroquine  -  daily  dose 
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I.  WR  256975AA;  BN : BL  39755  -  Bepridil 


This  calcium  channel  blocker  was  evaluated  against  infections 
of  the  Vietnam  Smith  strain  of  P.  falciparum  (Tables  41-43) .  Bepri¬ 
dil  was  administered  3  times  per  day  for  three  days  and  chloroquine 
administered  on  day  1  at  40.0  mg  per  kg,  and  on  days  2  and  3  at 
20.0  mg  per  kg. 

Bepridil  only  (8.0  mg  per  kg)  had  no  effect  upon  the  parasi¬ 
temia  in  Aotus  11327  and  the  animal  died  on  day  5  post  treatment 
of  malaria.  Some  suppression  of  parasitemia  was  noted  in  Aotus 
12047  that  received  bepridil  (8.0  mg  per  kg)  and  retreatment  with 
bepridil  (16.0  mg  per  kg)  plus  chloroquine  cleared  the  parasitemia, 
but  did  not  cure  the  infection. 

Primary  treatment  with  bepridil  (8.0  mg  per  kg)  plus  chloroquine 
suppressed  the  parasitemia  in  monkeys  12324  and  12325.  Retreatment 
with  bepridil  (16.0  mg  per  kg)  plus  chloroquine  cleared  the  parasi¬ 
temia  in  each  Aotus ,  but  did  not  cure  the  infection. 

Parasitemia  was  suppressed  by  chloroquine  treatment  in  Aotus 
12328  and  12329  and  retreatment  cleared  the  parasitemias,  but 
without  infection  cure. 
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SUMMARY  OF  THE  ACTIVITY  OF  BEPRIDIL  (VJR  256975AA:  BL  39755)  ,  ALONE,  AND  in 
COMBINATION  WITH  CHLOROQUINE  (WR  001544BM;  AR  20613)  AGAINST  INFECTIONS  OF  THE 

VIETNAM  SMITH  STRAIN  OF  PLASMODIUM  FALCIPARUM 
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TablE  43 

ACTIVITY  OF  BEPRIDIL  (WR  256975AA;  BN : BL  39755),  ALONE, AND  IN 
COMBINATION  WITH  CHLOROQUINE  (WR  001544BM;  BN-.AR  20613) 
AGAINST  PLASMODIUM  FALCIPARUM  INFECTIONS 


MALARIA  OOSE  mg/kg  PRIMARY  TREATMENTS  REPEAT  TREATMENTS  TOTAL  TREATMENTS 

STRAIN  TOTAL  DAILY  CLEARED  CURED  CLEARED  CURED  CLEARED  CURED 


7IETNAM 

72.0 

24.0a 

0/2 

0/2 

0/2 

o/i 

SMITH 

72.0 

80.0 

24.0a 

40/20/20b 

0/2 

0/2 

0/2 

0/2 

144.0 

80.0 

48  .  Oaa 
40/20/20b 

2/3 

0/3 

2/3 

0/3 

80.0 

40/20/20b 

0/2 

0/2 

2/2 

0/2 

2/4 

0/4 

a  Bepridil  8.0  mg/kg  3x/day 

aa  Bepridil  16.0  mg/kg  3x/day 

b  Chloroquine  40.0  mg/kg  Day  1,  20.0  mg/kg  Days  2  and  3 
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J .  Conclusions 

The  aim  of  these  experiments  was  to  determine  if  chloroquine 
resistance  in  infections  with  a  chloroquine  resistant  strain  of 
P.  falciparum  could  be  reversed  i_n  vivo  by  the  co-administration 
of  a  calcium  channel  blocker  and  chloroquine.  Ideally,  reversal 
of  resistance  would  be  indicated  by  parasite  clearance  after 
one  course  of  combined  treatment  during  the  ascending  phase  of 
the  primary  patent  period,  and  no  recrudescence,  thus  signifying 
infection  cure.  In  a  total  of  26  combined  treatments,  during 
the  primary  patent  period,  suppression  of  parasitemia  occurred 
in  17  monkeys.  Verapamil  plus  chloroquine  cleared  the  parasitemia 
in  each  of  two  Aotus  and  the  infection  was  cured  in  one  monkey.  The 
second  monkey  died  of  an  intercurrent  infection  on  day  29  post 
treatment . 

It  should  be  noted,  however,  that  the  time  for  parasite  clea¬ 
rance  between  the  day  treatment  was  initiated  and  the  last  parasite¬ 
positive  blood  film  was  21  and  19  days,  respectively.  Based  upon 
previous  experiments,  in  which  a  drug  cleared  a  primary  Vietnam 
Smith  parasitemia  and  cured  the  infection,  the  time  for  parasite 
clearance  in  60  trials  was  7.3  (+  1.1)  days.  It  is  possible  that 
the  protracted  parasite  clearance  time  for  verapamil  plus  chloro¬ 
quine  was  the  result  of  both  acquired  immunity  and  chemotherapy. 
Moreover,  the  primary  patent  period  in  70  untreated  Panamanian 
Aotus  infected  with  the  Vietnam  Smith  strain  and  that  exhibited 
self  cure  following  the  primary  attack  was  25.0  (+  4.4)  days  (6). 

The  primary  patent  periods  in  the  two  Aotus  administered  verapa¬ 
mil  plus  chloroquine  with  parasite  clearance  were  23  and  21  days, 
respectively . 

In  a  total  of  28  repeat  treatments,  with  a  channel  blocker 
and  chloroquine,  infections  in  6  (21%)  Aotus  were  cured,  as  indi¬ 
cated  by  the  absence  of  recrudescence.  These  retreatments  were 
inititated  during  the  primary  patent  period,  following  lack  of 
parasite  response  to  the  first  drug  dosage.  Again,  it  is  difficult 
to  separate  the  drug  activity  from  acquired  immunity.  The  primary 
patent  period  in  the  six  Aotus  was  23.2  (+  0.7)  days,  essentially 

identical  to  that  in  untreated  Aotus ,  infected  with  the  Smith 
strain,  and  with  self-cure  after  the  primary  attack. 

The  failure  to  achieve  the  desired  goal  in  these  experiments 
may  be  attributable  to  at  least  two  factors: 

1.  Inability  to  obtain,  in  the  monkey,  the  high  levels  of 
drugs  as  reported  in  the  iri  vitro  studies  and  still  sustain 
host  viability. 

2.  The  metabolism  of  these  drugs  in  Aotus  is  unknown  and 
conversion  to  inactive  constituents  may  occur. 

Additional  trials  with  other  calcium  channel  blockers,  or  similar 
acting  drugs,  are  anticipated  during  the  second  year  of  this  contract. 
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